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We WANT 


CHEMICAL AND 
METALLURGICAL —— 


ENGINEERS, 100 


Westinghouse is directly interested in the materials 
that go into its various products. For example, the 
development of precision casting processes for high- 
speed, high-temperature gas turbine blades was 
exclusively the activity of metallurgical, and chem- 
ical engineers at Westinghouse. 

Consulting and advisory service, diagnostic lab- 
oratory testing, development of new processes and 
specialized equipment are all part of their activity. 

If you are a metallurgical or chemical engineer, 
then investigate the Westinghouse Graduate Student 
Training Course now. Your abilities and aptitude 


may be your key to a career in these fields. 6.10037 


Begin planning your future today. Get your 
free copy of the Westinghouse booklet, 
“‘Finding Your Place in Industry”. 


Westinghouse 


PLANTS IN 25 CITIES... OFFICES EVERYWHERE 


you can 6c SURE ... ir ts Westinghouse 
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To obtain copy of Finding Your Place in Industry, consult 
Placement Officer of your university, or mail this coupon to: 


The District Educational Coordinator 
Westinghouse Electric Corporation 

10 High Street 

Boston 10, Massachusetts 
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our doctor counts your pulse 

beat. The musician calls it 
rhythm. The sportsman knows it 
as timing. The engineer, who de- 
signed your automobile, refers to 
it as cycles. 

The valves that admit and 
exhaust the gas to and from your 
engine are timed to form a cycle. 

Spiral springs made of high- 
carbon round wire play a vital part 
in maintaining this cycle—in keep- 
ing your automobile engine run- 
ning smoothly — at the torturing 


(1s 


rate of 256 spring-actions a second. 

Taken for granted today, they 
were a major headache to the 
driver of yester-year. Today’s 
springs are as superior to the 
springs of thirty years ago as are 
the cars themselves. 

Improvements came with de- 
mand and competition. No other 
country advanced as rapidly... 
or as far. . 

Just as the discovery of America 
was made possible by enterprise 
capital, so the automobile was the 


springtime 
C tines a second 


product of free enterprise—includ- 
ing the cash that buys it. 

It’s Springtime 256 times a 
second under your hood and 
Roebling is proud of its contribu- 
tions to that engineering feat. 

Roebling also is proud of thts 
fact: the world over, automobile 
engineers have Confidence in 
Roebling and its products. 


JOHN A. ROEBLING'S SONS COMPANY 
TRENTON 2, NEW JERSEY 


Branches and Warehouses in Principal Cities 
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A CENTURY OF CONFIDENCE 





JANUARY, 1949 








World’s first 


Continuous Seamless Tube Mill 


—National Tube Company 
develops revolutionary new mill design 





2,000 feet of seamless pipe a minute! That’s 
what the world’s first continuous seamless pipe 
mill will turn out upon completion. 

Developed by National Tube Company — 
U.S. Steel Subsidiary —at its Lorain, Ohio 
Works, the mill has already been referred to as 
“one of the greatest advances in the steel in- 
dustry during the past 50 years.” 

The new continuous process it features will 
climinate several steps in the conventional 
method of making seamless pipe and will be 
comparable to that of continuous strip and sheet 
mills. Designed to produce sizes ranging from 
2 inches to 4% inches OD, the mill not only will 
provide quality products at lower cost, but 
greater service to the consumer. 

This revolutionary seamless mill design is an- 
other demonstration of National Tube Com- 
pany’s position of leadership in providing indus- 
try with both quality and quantity products. 





Construction view showing 9-stand Rolling Mill and Inlet and Outlet Conveyors. 










Opportunities 


The spirit behind this latest National Tube Company development typifies 
the spirit behind projects being conducted in all United States Steel Corpora- 
tion Subsidiaries. It is a pioneering spirit—one that requires qualified men in 
all branches of engineering. See your Placement Officer for a copy of “Paths 
of Opportunity in U.S. Steel” if you would like to take part in these fascinating 
and important developments. 











AMERICAN BRIDGE COMPANY - AMERICAN STEEL & WIRE COMPANY - CARNEGIE-ILLINOIS STEEL CORPORATION - COLUMBIA STEEL COMPANY 
H.C. FRICK COKE AND ASSOCIATED COMPANIES - GENEVA STEEL COMPANY - GERRARD STEEL STRAPPING COMPANY 
MICHIGAN LIMESTONE & CHEMICAL COMPANY - NATIONAL TUBE COMPANY - OIL WELL SUPPLY COMPANY - OLIVER IRON MINING COMPANY 
PITTSBURGH LIMESTONE CORPORATION - PITTSBURGH STEAMSHIP COMPANY - TENNESSEE COAL, IRON & RAILROAD COMPANY 
UNITED STATES STEEL EXPORT COMPANY - UNITED STATES STEEL PRODUCTS COMPANY UNITED STATES STEEL SUPPLY COMPANY 
UNIVERSAL ATLAS CEMENT COMPANY - VIRGINIA BRIDGE COMPANY 
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Recently the movie people filmed an oil 
gusher scene, using Methocel (Dow Methyl- 
cellulose). This unusual material thickens 
water, giving a solution which, with the right 
color added, resembles oil. Why go to such 
lengths? Because, Methocel solutions are non- 
inflammable, harmless to actors and are 
readily washed off with water. 


This, of course, is not a vital use of Methocel. 
But it does indicate Methocel’s great variety 
of applications. Countless industries, including 
paper, paint, leather, textiles, drug and cos- 
metics, utilize its widely applicable properties 
as a dispersing, thickening, stabilizing, emulsi- 
fying, binding and coating agent. 


THE DOW CHEMICAL COMPANY ¢« MIDLAND, MICHIGAN 


New York © Boston « Philadelphia « Washington « Cleveland « Detroit « Chicago 
San Francisco 


Dow Chemical of Canada, Limited, Toronto, Canada 


Los Angeles « Seattle + St. Lovis « Houston 
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Dow research 1s continuous in all divisions. 
This is only one chemical of many chemicals 
vital to American industry and agriculture 
that Dow has developed. 


Dow produces more than five hundred essen- 
tial chemicals from plants located in Michigan, 
Texas, California, and Canada. These include 
major industrial chemicals, germicides and 
fungicides, agricultural chemicals and “special” 
chemicals—new products which especially 
reflect Dow’s constant efforts to raise still 
higher our standards of living. 
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Shooting stars 


By George B. Field, ‘51 





Tools for Research on the Upper Atmosphere 


The earth’s atmosphere can be conveniently divided 
into three regions: the troposphere, extending from sea 
level to a height of about eleven kilometers; the strato- 
sphere, occupying a region from eleven to thirty kilo- 
meters in height; and the upper atmosphere, which 
consists of all the air above thirty kilometers. The 
upper limit of the latter region, the height above which 
there is no air, has been given in the neighborhood of 
eight hundred kilometers; a more meaningful statement, 
however, is that only two per cent of the air mass lies 
above a height of thirty kilometers. 

The troposphere is naturally the field for meteoro- 
logical study, for it is here that the weather is generated: 
One finds turbulent air currents and cloud formations 
in the troposphere alone. 

In addition to these salient features of weather, 
meteorologists study more subtle pressure and tempera- 
ture variations in the atmosphere with the aid of balloon 
and airplane ascents, and more recently with radio- 
equipped sounding balloons. However, the best flights 
by these devices are rarely higher than forty kilometers. 

The stratosphere and upper atmosphere comprise 
a calm sea of thin air, which is the scene of many 
phenomena of primary interest: radio-beam reflection. 
cosmic rays, and the aurora borealis. Furthermore, it 
seems likely that trajectories of future high-soaring 
jets and rockets will extend into this region. 

These facts have given impetus to the investigation 
of the upper atmosphere as an air mass, for certainly 
any intensive or extensive properties which can be 
discovered about the air in this region will have direct 
bearing on problems in these fields. But, in the face of 
limitations on balloon ascents, how can the upper 
atmosphere be studied? 

To this question has been given an ingenious answer 
— the study of the flight of meteors through the upper 
atmosphere. Work utilizing this method is now being 
carried on jointly by the Harvard College Observatory 
and the M. I. T. Center of Analysis, under the sponsor- 
ship of the United States Navy. This method is partic- 
ularly effective for the study of the atmosphere between 
one hundred and sixty kilometers, for meteors usually 
appear and burn out between these respective heights. 

The mechanics of meteor motion is rather complex. 
Meteors enter the atmosphere with velocities between 
twelve and seventy-two kilometers per second. Air 
resistance, or drag, causes them to heat up and finally 












melt. The melted and brightly glowing matter is swept 
away by the rushing air. So, in effect, the problem is 
one of a variable mass moving through a viscous fluid. 
Though these complications might seem insurmount- 
able, it is just these facts that make it possible to deduce 
properties of the air by the flight of the meteor, as we 
shall see. 

The work is divided into two distinct operations: 
photographing meteor trails, and analyzing them 
mathematically. The photography is done by Har- 
vard’s Cambridge and Oak Ridge Observatories. 
Located thirty kilometers apart at Cambridge and 
Harvard, Massachusetts, respectively, these two observ- 
atories train two specially built cameras at a point 
eighty kilometers above the earth, an average height 
for meteor trails. When a meteor passes near this point 
it is recorded as a streak of light by both cameras. The 
laws of chance decree that the number of meteors 
photographed this way be quite small; four or five a 
year is considered a good yield! But even at that, this 
arrangement represents tremendous improvement over 
chance reports by unskilled observers. The unique 





The special meteor cameras which were used to 
gather information on atmospheric conditions are 
here shown on their way to their permanent 
location at Alamagordo, New Mexico. Note 
shutter devices projecting from side of cameras. 
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Atmospheric temperature does not vary regularly 
with height, as this graph shows. The approxi- 
mately level stretch between eleven and twenty 
kilometers is known as the stratosphere and was 
originally thought to be isothermal. 
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construction of the camera records the meteor trail not 
as a solid line, but one broken periodically. This is 
accomplished by a shutter which rotates twenty times 
per second. The whole system, like a fisherman’s net 
cast in the sea, lies in wait for the catch that is sure to 
come. When the meteor does arrive, it is recorded 
automatically by the two stations as a series of streaks 
on a plate. The scientists have already evolved an 
improvement on this system. A new camera, of twelve- 
inch diameter, and two-thirds focal ratio, is planned. 
Designed by the Perkin Elmer Corporation, this camera 
will have a shutter speed of one hundredth of a second, 
and should record as many as one hundred meteors per 
year with much greater accuracy. 

Once the meteor has been photographed, the two 
plates which record its brief flight through space are 
subjected to a rigorous mathematical analysis at M. I.T. 
This work is carried on by the Center of Analysis under 
the direction of Dr. Zdenek Kopal and Dr. L. Jacchia. 
At the Center there is every facility for computation, 
both automatic and manual, but it has been found that 
the variety of problems to be solved is more efficiently 
handled by a corps of skilled computers than by the 
well-known Differential Analyzer. 

When a set of plates is received, they are placed on 
the measuring machine, which is essentially an adjust- 
able flat plate equipped with a crosshair viewer. This 
machine, which cost $6,000, was manufactured with 
the greatest precision by D. W. Mann of Lincoln, 
Massachusetts. Half the cost is represented by a screw 
ten inches in length, so fine that it can be adjusted 
within an accuracy of one-tenth of a micron! This 
distance corresponds to a length of only one-tenth of a 
meter in the actual path of the meteor. 

There is a rectangular system of coordinates, say 
x and y, in the plane of the plate. By adjusting the 
position of the ta so that a point to be measured lies 
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under the crosshair of the viewer, the operator can read 
values for x and y on adjoining scales. This is done by 
each of four observers, to minimize personal errors. 

The object of the above procedure is to determine 
the actual path of the meteor through space. Values 
of x and y are obtained for many points on the path, 
and also for some recognizable stars on the plate. 
Since the positions of these stars are already known in 
celestial coordinates, it is possible to find constants by 
which the values of x and y on the plate can be con- 
verted to celestial coordinates. One fact which must 
be known, however, before this can be done, is the 
sidereal time at which the plate was made. To find 
this one notes the projection on the celestial sphere of 
the same point on the trail (such as a flare) as seen from 
the two stations. Because there is a unique time at 
which projections will have given positions, the time 
can be readily deduced. By triangulation the path of 
the meteor, including its height at every point, can be 
derived from the celestial coordinates. 

The operators of the measuring machine carefully 
note the length of the streaks, as well as the brightness 
of the meteor along its path. Thus, observation gives 
three important facts: the path, the velocity, and the 
brightness (or intensity) at any time. It remains for 
the physicist and the mathematician to interpret these 
data. 

Two fundamental relations are needed, one relating 
to drag on a projectile, the other to the correspondence 
of loss of mass of a meteor with its light intensity. These 
equations are: 

(I) a= —Kpm“*v 
T(v) dm ” 


His 
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This approximate sketch shows the outline of the 
projected f0.67 Schmidt camera to be used in 
meteor studies. 
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= velocity of meteor 
a = acceleration of meteor 
drag coefficient 
density of the air 

m = mass of meteor 

I = light intensity 
T(v) = luminous efficiency coefficient 

t = time 
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The object of the whole project is to find extensive 
properties of air at various heights. Certainly, the 
density in equation (I) is such a property, so if it were 
masiie to find the acceleration, velocity, and the mass 
of the meteor at height A, then one could find the density 
at height h also. As a matter of fact, however, the 
velocity is known along the path; from its variation its 
acceleration can be verified. How about the mass? 
One might reasonably expect from conservation of 
energy that the intensity of light emitted by the meteor 
should bear some relation to the rate at which the 


meteor loses kinetic energy (= *), for the light is due 
t 


to frictional heating and subsequent oxidation of part 
of the meteor. Indeed, such a relation has been deter- 
mined experimentally, and the rate of mass loss has 
been found proportional to the intensity of the light 
and inversely to the square of the velocity as in equa- 
tion (II). The term T(v), known as the luminous 
efficiency coefficient, is itself a function of the velocity, 
and experiment shows that for values of the velocity 
concerned here, a T(v) proportional to the velocity is 
adequate. Thus the mass at time t can be found by 
numerical integration of the expression, using as the 
lower limit the time when the mass equals zero, the 
meteor being extinguished. Using this value of the 
mass in equation (I), air density can be found for 
varying heights, and the problem is solved. 

It seems appropriate to remark that there is a 
theoretical relation between air density and height, 
given by the well-known barometric equation: 


_Mok 
p= me kt 


where 

= density of air at height h 

= density of air at sea level 
base of natural logarithms 
= molal weight of air 

g = gravitational acceleration 


p 
Po 
e 
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Shown here are three of the 
machines in ust at the M. |. T. 
Center of Analysis for deter- 
mining distances between 
points on a photographic 
plate. 
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h = height 


R= gas constant 
T = Kelvin temperature 


Thus one would expect air density to fall exponentially 
with height. It is to be noted, however, that this equa- 
tion applies only to isothermal systems; indeed, it is 
just the atmospheric variations in temperature (see 
above) which render this relation useless for practical 
application to the study of the upper atmosphere. In 
fact, temperatures derived from the calculated densities 
of the atmosphere up to 100 kilometers vary consider- 
ably with the height. 

Thus we have a picture of the air mass surrounding 
our earth. By theory, the density should fall off in an 
orderly manner as we climb, in air just as in liquids, 
but to an extent greatly exaggerated by the compressi- 
bility of the former. But this is not the case; tempera- 
ture differences in the upper atmosphere give rise to 
sharp density gradations — alternate layers of dense 
and rare air. Current theory attributes the temperature 
differences to varying absorption of solar heat. What- 
ever may be the cause, there is an unexpected variation 
in air density which could be verified only by observa- 
tion. It is often the case with nature, that it is possible to 
observe secondary effects if not the actual phenomena. 
By astute application of this principle scientists have 
bared the mysteries of the upper atmosphere. 
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the problem of the had penny 


By John G. Stevenson, '49 


Is He Right? 


A man is given twelve pennies which are identical 
in size, shape, and appearance. He is told that eleven 
of them are also identical in weight, but that the 
remaining one is bad. However, he does not know 
whether the bad penny is heavier or lighter than the 
rest. In order to determine which coin is bad, he is 
supplied with a balance, but no supplementary weights. 
All he can do is balance pennies against pennies. The 
problem is that in only three weighings, he must locate 
the bad penny and be able to say whether it is lighter 
or heavier than the rest. 

In order to solve this problem, we first divide the 
coins into three groups of four each. Two of these 
groups are balanced against each other. If they balance 
then we know the bad penny is in the third group. This 
first weighing has done something else of value, however. 
It has established that if the two sets of four balance, 
any one of them may be used as a coin of standard 
weight. Having thus found the group to which the 
bad penny belongs, we proceed to consider the location 
of the bad penny from a group of four using two weigh- 
ings. Taking this group of four, we put one aside. Two 
of the remaining three coins are put in one scale pan, 
and the third is put in the other scale pan along with 
a standard penny. If these balance, the penny we left 
out must be bad. Which way it is bad can be deter- 
mined on the third weighing by comparing it with a 
standard penny and noting the position of the scale 
pans. To consider the case in which the groups of two 
do not balance, the following schematic diagram may 
be of aid. Numerals indicate coins about which nothing 
is yet known, and the ‘S’ represents a standard coin. 

1 2 
3 5S 
If the scale pans take the position shown, then we know 
that either | or 2 is light, or else 3 is heavy. 1 and 2 
are then balanced against each other. If they balance, 
3 is heavy. If they do not, then inspection of the 
position of the scale pans will indicate whether 1 or 2 
is light. The analysis is exactly similar if the position 
of the scale pans shown above is reversed. 

The more difficult case is when the two groups of 
four do not balance on the first weighing. Suppose the 
scale pans take the following position: 

123 4 
5 6 7 8 
The next step is to put 6, 7 and 8 aside and rearrange 
the coins as follows: 
I 25 
3.4 5 


The scale pans are shown in an unbalanced position: 
If they balance, then the bad coin must be in the three 
that were set aside and can be determined by the method 
shown above. If the scale pans take the | jae shown, 
either 1 or 2 is light or else 5 is heavy. The method for 
determining which it is has been described. If the scale 
pans take a position opposite to that shown, the only 
possibility is that either 3 or 4 is light. Again we can 
find out which by comparison with a standard coin. 
This brings us to the general case of determining a 
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bad penny from m pennies in n weighings, as well as the 
question of determining the maximum number of coins 
from which a bad one may be selected in a given num- 
ber of weighings, say, n. It is important to note that 
the maximum number of coins from which a bad penny 
may be selected in a given number of weighings is 
materially increased with the original knowledge that 
the bad penny is either heavy or light. In the case of 
two weighings, we can make the selection from nine 
coins, but without knowledge we can make the selection 
from only four. In the case of three weighings, the 
maximum number from which a selection can be made 
without knowledge is 12, as we have seen. With 
knowledge, we may select from 27. This suggests the 
general rule that in the case where we originally have 
knowledge, the maximum number from which a selec- 
tion may be made is 3". For the case in which we 
originally have no knowledge of the direction of bias of 
the bad coin, the relation between the number of weigh- 
ings, n (n must be greater than one, since one weighing 
without knowledge is obviously impossible) and the 
maximum number of coins from which a selection may 
be made is: 


m = 314 3-24 3r84. . 43" —(n—2). 


In cases where m and n satisfy this relation, that is 
when we have the maximum number of coins for a 
given number of weighings, the first step is always to 
set aside the maximum number of coins from which a 
selection may be made without knowledge in n-l 
weighings. Thus if we wish to select a bad penny from 
38 coins in four weighings, then we must first set aside 
12 coins, because if the remaining coins balance we have 
only three weighings left and still know nothing about 
this 12. Thus 38 coins in four weighings without 
knowledge may be reduced to 26 coins in three weighings 
with the knowledge gained from the first weighing. In 
case the two sets of 13 do not balance on the first 
weighing, then nos. 18-26 are set aside from one scale 
pan (note that this is nine coins — just the maximum 
number from which a selection can be made in two weigh- 
ings with knowledge), and the following rearrangement 
is made: 
1415 16 175 67849 10 Ii 12 13 (left pan) 
1234SSSSSSSSS (right pan) 


It was assumed that the original balance of the pans 
was the same as that shown. If this condition prevails 
after the switch, then the bad coin is in the underscored 
group. If it reverses, we must investigate 1—4 and 14- 
17. This may be done by putting 14, 15, and 4 aside 
and switching 17 and 1, thus: 
S 16 1 
17 2 3 

The bad penny may now be located in the remaining 
two weighings as before. 

Note that before the second weighing, we remove 
from one scale pan the maximum number of coins from 
which a bad one may be determined with knowledge 
in n-2 weighings. This number is replaced by standard 
coins and the remaining coins in this scale pan are 
switched with an equal number from the other pan. 
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“Your college training qualifies you for the job, but 
what practical experience do you have? ... 
we're looking for a man with more experience.” 

Anyone who has spent most of his time in school 
studying for his engineering degree may have heard 
those same words spoken to him by some personnel 
director. And, as is repeatedly the case, the man with 
the practical experience gets the nod for the job. 
Possibly the man who was turned down could, if given 
the chance, do the job better than the one chosen. 
But the personnel director represents a company which 
bases its decisions on past records of men hired with 
and without practical experience. The evidence is 
conclusive, and proves that men with some practical 
experience to supplement their schooling invariably 
are a greater asset to the company than those with 
only an engineering degree. 

To a potential engineer about to enter industry shop 
experience is invaluable. It provides a knowledge of 
three major factors necessary to modern industrial 
production — machines and equipment, materials, and 
shop labor. 

Each of these factors imposes practical limitations 
on the job of an engineer. And when the engineer has 
gained a thorough understanding of these three factors, 
he has in his grasp knowledge which is at least as 
valuable as his engineering degree. 

The first of the three factors entails a thorough 
knowledge of the types and sizes of the machines used 
in production. An engineer must know how parts are 
made, which machines can do desired operations, and 
which machines can do those operations most efficiently. 
Without this information an engineer may well waste 
his continued efforts on impractical designs and jobs, 
as well as making a fool of himself in the eyes of the 
other employees. 

One may laugh at the apparent absurdity of the 





“|... Of driving gentle machinists mad” 


By Helmut E. Weber, '50 


Sorry,’ 






following case but realize that its basic theme is so 
often true and sadly so. 


“The designer sat at his drafting board 
A wealth of knowledge in his head was stored 
Like “What can be done with the radial drill 
Or a turret lathe or a vertical mill?’ 
But above all things a knack he had 
Of driving gentle machinists mad. 
So he mused as he thoughtfully scratched his bean: 
‘Just how can I make this hard to machine? 
If I make this body perfectly straight 
The job had ought to come out first rate, 
But it would be so easy to turn and bore 
That it never would make a machinist sore. 
So [ll put a compound taper there 
And a couple of angles to make ’em swear. 
And brass would work for this little gear, 
But it’s too damned easy to work, I fear, 
So just to make the machinist squeal 
Pll make him mill it from tungsten steel. 
And [’ll put these holes that hold the cap 
Down underneath where they can’t be tapped. 
Now if they make this, it will just be luck 
‘Cause it can’t be held by dog or chuck 
And it can’t be planed and it can’t be ground 
So I feel my design is unusually sound! 
And he shouted in glee, ‘Success at last! 
This damn thing can’t even be CAST! ” 


The Marquette Engineer 


After a man sees and understands the operation of 
a centerless grinder, a vertical boring-mill, or the 
ordinary lathe, he will know that a particular part can 
be more efficiently made on certain machines than on 
others. As extreme examples consider the machining 
of a connecting rod from bar stock which could be 


The apprentice engineer must 
know how to handle the tools, 
such as this turret lathe, which 
will convert his designs to 
actuality. 
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so 








must be checked and controlled continuously 


An engineer must know how fo test the perform- 
ance of his designs when they are in actual practice. 


efficiently forged, or the grinding of a clearance hole 
rather than using only a boring or drilling operation. 

The limitations of the production facilities available 
force the engineer to find some convenient solution to 
a problem. “Improvise” becomes his by-word. If his 
perfectly good centrifugal pump refuses to pump water 
from his eight-foot well, he finds another solution — a 
solution probably not found in a text on fluid mechanics. 
After the engineer has become familiar with shop prac- 
tices he finds that engineering problems are more easily 
solved. His a of machine operations opens 
to him new and more efficient methods of production. 

In the same connection consider the second factor. 
The possibility of having a choice of several different 
materials with which to do a job presents the problem 
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Once they are in use, machinery and processes 


of efficient selection. What function 
must the part perform — does it 
— strength — how hard must 
it be —is finish important? These 
factors and others must be weighed 
against the ease and costs of produc- 
tion and the good engineer can 
select the material best suited to 
the purpose in mind, because shop 
practice has given him an insight 
into the importance of the qualities 
and properties attributed to differ- 
ent materials. A good engineer 
knows bow to balance material 
anager against cost — an 
ability which again can hardly be 
developed with only a textbook. 

Lastly, working with the shop 
employees themselves gives a man 
that valuable insight into their 
habits, tendencies, and reactions. 
He finds that there are certain 
things a man will and will not do 
and the reasons why. For this 
insight an engineer requires not a 
single course in modern psychology. 
In fact, with an understanding of 
the first two factors he will invariably gain the con- 
fidence of the shop employees. When they know that 
an engineer’s judgment is sound, it is almost sur- 
prising how much more quickly and easily his plans 
are executed. 

The value of practical experience should now be 
an established fact. And much of this valuable experi- 
ence can easily be acquired by a student working in a 
shop during his summer vacations. While schooling 
cannot be replaced by practical experience, neither can 
any amount of schooling provide the knowledge afforded 
by experience in the shop. Each has its place in the 
education of a good engineer, and each is an invaluable 
asset toward acquiring a better job after the student’s 
graduation. 
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alice in dimensionland 


By Luis H. Bartlett 


The author of this weird tirade offers sincere apology 
to the beloved memory of Lewis Carroll and cites, as a 
very lame excuse, the chance remark of a certain teacher. 
In substance, this remark set forth the opinion that 
entropy is an abstraction, so evanescent that it may not 
be grasped by students and, consequently, any explanation 
of this property is wasted in the classroom. The teacher 
shall remain forever nameless, but he is accurately por- 
trayed by the Walrus in relating the lecture by a “Very 
Learned Professor.” In case the reader should ever meet 
and recognize the gentleman, please do not bother to 
explain the concept of Entropy to him. 


The sun was gleaming in the sky 
To pour out energy, 

And doing the very best he could 
To increase Entropy. 

But Entropy is nothing else 
Than dq over T. 


The Walrus and the Carpenter 
With tears bedewed the street. 
For they were very sad to see 
Such quantities of heat 

Were being wasted every day. 
It nearly had them beat. 


The time has come, the Walrus said, 
To speak of Engineering, 

Of Pressure, Volume, Enthalpyv, 

Of shiny Engine Gearing, 

And how to use this energy 

By Isentropic steering. 


Entropy, said the Carpenter, 

Is silly as can be. 

It’s purely theoretical 

As any fool can see. 

But this is false, because you know 


It’s dq over T. 


“The verses sound nice,” Alice mused, “but what 
do all those big words mean?” 

“Oh, most of those big words are the names of 
dimensions,” the Walrus replied, “and we always use 
dimensions to describe things accurately. All dimen- 
sions are conveniences which were invented to make 
things easier.” 

“You and your dimensions!” Alice was losing 
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patience. “What on earth are they? 

“‘As I was saying,” the Walrus paused dramatically, 
“dimensions are a great convenience. Many things 
are difficult to handle without dimensions, and, in 
some respects, they are similar to handles. Suppose 
you have something which is so clumsy that it is 
difficult to grasp easily. You merely pick out a con- 
venient handle or dimension and remove that, then, 
from what is left, you take out another dimension, 
and so on until it is all component dimensions which 
are easy to grasp.” 
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Dr. Luis Bartlett, author of Alice in Dimensionland, 
a recognized authority on refrigeration, and con- 
sequently well qualified to burlesque entropy, is 
Director of the Engineering Experiment Station at 
Louisiana State University. 


‘How do you take out a dimension?” Alice inquired. 
“Is it like taking a raisin from a piece of fruit cake?” 

“Oh, not at all,” explained the Walrus, “you merely 
have to divide by the dimension. For example, sup- 
pose you buy 10 bushels of peaches for $25.00. The 
financial dimensions of this transaction are twenty- 
five dollars and 0.40 bushels per dollar. You divide 
the twenty-five dollars into the 10 bushels, and there 
are your two financial dimensions.” 

Alice pondered this difficult mathematical feat and 
then insisted, “But what became of the peaches? You 
can’t eat financial dimensions, and is money a dimen- 
sion?” 

The Walrus was greatly encouraged. “Well, I’m 
certainly pleased by your unusual intellectual ability. 
So many people confuse things with their dimensions. 
Of course, you can’t eat a dimension, financial or 
otherwise. Money is used as a dimension, but some 
people measure everything in terms of dollars, and 
nowadays dollars shrink so badly from the effects of 
income tax, inflation, and social security. Come, now 
I'll show you some other kinds of dimensions. 

“This little room is our Space Stockroom. When 
we receive a shipment of Space that is too large to 
fit in here, we merely divide it into its component 
dimensions and store each one separately. This bin 
contains Length, this one is filled with Breadth and 
the third one is for Depth dimensions.” 

“But they are all empty,” said Alice. “‘Isn’t there 
any space in stock?” 
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“Oh, yes,” replied the Walrus, “right now there is 
more than ever. You see length has only one dimen- 
sion so it does not take up any space at all and the 
bin will hold any amount we put in. Breadth and 
depth are quite similar in their properties. This 
makes it very convenient. When you need more space, 
you merely take the required amount of each dimen- 
sion. multiply them all together and there is your 
space. Simple, isn’t it?” 

“Well, when you put it that way, it sounds quite 
simple,” Alice had to admit, “but suppose someone 
comes in here when it is dark and picks up three 
length dimensions out of one bin. What would he 
get when these were multiplied together?” 

“Oh, that’s even simpler. You must remember these 
dimensions are purely imaginary, thus the first one 
he picked up is length, the second becomes breadth 
and the third becomes depth. Multiply them together 
and at once your space appears.” 

This abstruse dissertation stunned Alice completely. 
The Walrus twitched his whiskers in a_ perplexed 
manner and murmured to _ himself, “Perhaps we 
should look at something that is easier to compre- 
hend.” He opened a door that was close at hand, led 
Alice through and closed it firmly but very quietly. 

“Now ‘this is our Energy and Power Department. 
We store. the component dimensions of Mechanical 
Energy in these bins. When foot-pounds are received, 
we put the feet in this bin while the pounds are 
placed in the next one. It is a very compact storage 
system and when anyone wants some energy, all that 
is necessary is to take one foot and one pound and 
multiply them together, then it’s all ready to go.” 

Alice considered this gravely and then brightly 
asked, “How can the foot-pound go anywhere if it has 
only one foot?” 

The Walrus hastily changed the subject. “‘Some- 
times there is so much Mechanical Energy in storage 
that it becomes necessary to convert part of it into 
Thermal Energy. We do this by merely multiplying 
the Mechanical Energy by the reciprocal of Joules 
Constant. See, like this.” And he wrote on the 
blackboard 


Adw = dq 


“Now this is a special statement of the First Law 
of Thermodynamics.” 

“Oh, that terrible word!” Alice reproved. “If you 
were my little boy, I'd wash your mouth out with 
soap.” 

‘I’m sorry,” the Walrus squirmed uncomfortably. 
“Tl not say it again. But to continue, A represents 
the reciprocal of Joule’s Constant, dw indicates Mechan- 
ical Energy, and dq is Thermal Energy. American 
engineers commonly use British Thermal Units to 
measure Thermal Energy.” 

Alice was very indignant. “They can’t be ver 


_ patriotic, or they would use American Thermal Units.” 


“Shh,” cautioned the Walrus, “‘you may stir up an 
International Incident with such loose talk. However, 
we had better use just Btu for the unit and then there 
can be no hard feelings anywhere, particularly as it 
has been re-defined by the International Steam Table 
Conference at London in 1929, in terms of electrical 
units. Poor thing, it has been almost worn out with 
re-definitions.” 

‘Now, let’s go over and look at the Division for 
Storage of Thermal Energy in its Component Dimen- 
sions. This fenced enclosure is occupied by the 
D.S. T. E. C. D. and some very peculiar people work 


here.”’ 
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“It sounds like a New Deal Agency to me,” said 
Alice. “Do you think they will let us in?” 

“Will you hold your tongue?” the Walrus whispered 
sniligiieadly. “You will get me into trouble with the 
Administration yet. Here we are inside and do be 
careful!” 

Alice looked in wonder at an enormous number 
of peculiar entities of all sizes sprawled upon the 
ground, completely inert and apparently without any 
rhyme or reason to their arrangement. Some were 
very large and others were tiny, but all were identical 
in shape. She rubbed her eyes in amazement, then 
asked, ““What are these poor creatures, shaped exactly 
like the letters ds?” 

“Oh,” said the Walrus with marked contempt, “we 
called those Entropies. They have enough energy, 
but it is all divided by Absolute Temperature and 
is isothermally unavailable. You see, each one of these 
is the extensive dimension of an increment of Thermal 
Energy. When Thermal Energy enters D. S. T. E. C. D., 
we un-integrate to convert it to the differential, and 
this can be divided into the intensive dimension T and 
the extensive dimension ds.” 

Turning to the blackboard, he rapidly wrote some 
peculiar symbols and explained, “You see, we first 
un-integrate the Thermal Energy gq, like this 


d (q) = dq 


but by definition dg = Tds, so we can separate the T 
and put it in this bin and the ds is put on the pile 
you just passed. It saves so much bother to do it this 
way and, besides, think how little Space this requires.” 

“But,” Alice asked, “how do you separate the 
Absolute Temperature from the Entropy?” 

“That’s easy,” answered the Wel-us, “you just 
divide the differential increment of Thermal Energy 
by the proper T, thus 

 - ds 


T 


and there you have an Entropy all by itself, and then 
put the T in the proper bin. Notice that we are 
careful to keep all the different sizes of T’s in separate 
bins. There are two rows of bins, as you can see, 
one for Rankine T’s and one for Kelvin T’s. Some- 
times a shipment of Thermal Energy arrives in cal- 
ories and we put the Kelvin 7’s into the second row 
of bins. Frequently, they get mixed up and the tangle 
is very suaiin I hope no scientist ever invents 
another Absolute Temperature scale. The worst 
muddle is caused by inexperienced help, who often 
divide by Fahrenheit ¢ instead of Rankine T. Then 
they toss these little ¢’s into a bin of big T’s, and I have 
to go along, pick out each little ¢ and add 459.6°. 
It’s really very discouraging, because our stock of 
459.6’s is almost exhausted and the little #’s are so 
hard to find. The resulting Entropies are also enor- 
mously swollen and distorted, poor things, and there 
isn’t anything we can do to help them.” 

Alice wept disconsolately over the suffering of the 
misshapen onsen then she smiled brightly at a 
new idea. “But, can’t you just reverse the process and 
then start over again so the liiile swollen Entropy 
will come out the proper size?” 

The Walrus stroked his beard reflectively. “No,” 
he mused. “Don’t you recall Clausius stated, ‘Die 
Energie der Wely ist konstant, die Entorpie der Welt 
strebt einem Maximum zu,’ and while this is a statis- 
tical observation, no one has ever disproved it.” 

“Speek American and don’t use such big words to 

(Continued on page 108) 
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no formulas necessary 


By Max T. Weiss 






Research Associate, Research Laboratory of Electronics 


(Condensed for publication from a seminar paper on dimensional analysis) 


“‘What is that formula for the period of a simple 
pendulum?” A moot question. “Well, the period is 
in seconds; so the formula must come out to be in 
seconds, too. I think the period depended only on the 
length and on ‘g’. I'll try: 


t= Cl*9". 
Expressing this in dimensions only: 


ye lZl’, 
(T] = WL es 


But the L’s must cancel out; sox = — y,and2y = — l. 
T /1 29 
Now I remember: ¢ = 27 Nz: 
g 


In a crude but still useful way an imaginary quiz- 
taker has just used the technique of dimensional 
analysis. Dimensional analysis has played an integral 
and significant part in the development of physics and 
the engineering sciences. Its foundation was laid in 
1822 by Fourier, who was the first to realize that physi- 
cal equations are usually expressed in such a general 
form as to conserve their validity despite changes in 
the size of the fundamental units used. This realization 
led to the formulation of the principle of dimensional 
homogeneity, which states that all terms in a physical 
equation must have the same resultant dimension. The 
checking of any physical equation was made possible 
by this principle. Furthermore, physicists soon dis- 
covered that any quantity could be expressed in terms 
of a few fundamental dimensions. 

Dimensional analysis has had perhaps its greatest 
utility in hydrodynamics and aerodynamics. Thus, 
all model experiments in these fields are based on results 
obtained by dimensional methods. Electrical engineer- 
ing, on the other hand, has until recently almost com- 
pletely neglected dimensional analysis. This neglect can 
probably be attributed to the ease with which electrical 
phenomena lend themselves to a rigorous analytical 
approach. Recently, however, electric-motor design and 

tra-high-frequency tube design have benefited from a 
dimensional approach. In theoretical physics, dimen- 
sional analysis has long played a significant role and 
will probably continue to do so in the future, particu- 
larly in suggesting new methods of attack on funda- 
mental bs at As an aid in the derivation and com- 
prehension of equations describing physical phenomena, 
dimensional analysis must be recognized as a useful, 
almost essential, tool to the scientist of today. 

To quote Professor Bridgman, Nobel prize-winnin 

hysicist from Harvard, “‘No investigator should allow 
himself to proceed to the detailed solution of a problem 
until he has made a dimensional analysis of the nature 
of the solution which will be obtained, and convinced 
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himself by appeal to experiment that the points of view 
embodied in the underlying equations are sound.” 

Following a brief discussion of the underlying 
principles and general methods of attack in this field, 
several interesting problems — including one on the 
design of high frequency vacuum tubes — will be 
worked out in some detail. 

Dimensional analysis concerns itself with the most 
fundamental relationships of physical quantities and 
with the system of dimensions utilized in their descrip- 
tion. Since the subject is frequently involved in 
abstractions regarding the very basic meaning of the 
mathematical equations used in describing physical 
phenomena, very careful definition of terminology and 
rigorous reasoning are essential if confusion is to be 
avoided. The endless controversies regarding the basis 
of dimensional analysis are sufficient proof that a 
study of some of the basic concepts of physical science 
is necessary for a clear understanding of the subject 
and its growth. 

Physical science is fundamentally concerned with 
the measurement of quantities and the relationships 
among these quantities. Clearly, two factors are 
necessary in order to specify a physical quantity: (1) a 
numerical value, (2) the unit employed. Thus: 
Quantity = Numeric X Unit. 

The numeric, of course, varies with the size of unit 
chosen. However, the ratio of two quantities of the 
same kind is independent of the unit. For instance, 
one can say that a particular automobile travels twice 
as fast as another without specifying the unit of velocity. 
This property of physical quantities is called by Bridg- 
man “‘the absolute significance of relative magnitudes.” 
It should be noticed that this requirement is not essen- 
tial to make measurement possible. Thus a quantity 
may be defined by the equation Q = sin t, a t is 
the measure of time. Although this may be a perfectly 
possible defining equation of a quantity, the ratio of 
two such quantities certainly depends on the unit 
of time chosen. However, in physical science, quanti- 
ties which do not obey the principle of the absolute 
significance of relative magnitudes are excluded from 
consideration. 

Fourier, who may be called the father of dimen- 
sional analysis, introduced in 1822 a new concept by 
stating that every physical quantity has a dimension 
associated with it as well as a unit. Thus, a rod can 
be measured in terms of meters, yards, or miles. All 
of these units have the common quality, however, that 
they are lengths and not, for example, areas. This fact 
can be stated as follows: 


measure of rod = number X unit X (L), 


where (L) represents the dimension of length. 

Rather than giving each new quantity its own 
independent dimension, it is far more convenient to 
express the dimensions of a quantity in terms of a 
number of fundamental dimensions. If the dimension 
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of a quantity is thus stated in terms of other fundamen- 
tal dimensions, it is termed a ‘“‘derived” dimension. For 
instance, the dimensions of velocity are L/T = LT" 
rather than V, if the usual fundamental dimensions of 
L, M, and T are used. The meaning of this dimensional 
formula V = LT" is that the number giving the 
measure of the velocity of an object is obtained by 
dividing a number which measures a length associated 
with the object (in this case the distance traveled) by 
another number which measures a time associated with 
the object (the time taken to travel this distance). 

The choice of the fundamental dimension is, in 
general, arbitrary, although as a matter of economy in 
symbols as few as possible should be used. The mini- 
mum number “which will form a consistent and com- 
plete set for a field of science” is called a dimension 
system. The various dimension systems of the different 
fields of physics are described later. 

It may be of interest to note that since the funda- 
mental dimensions can generally be chosen arbitrarily 
as long as they are independent of each other, it is 
meaningless to state “the” dimensions of a physical 

uantity until the dimension system used is specified. 

ccordingly, it cannot be considered that we are in 
some way getting at the ultimate nature of things by 
writing their dimensional formulas. This viewpoint is 
far from attaining universal acceptance as yet. Although 
Bridgman, Planck, and many of the more recent 
writers in the field attach no significance to the “true” 
dimensions of a quantity, most of the earlier and many 
of the present-day physicists such as Maxwell, Ray- 
leigh, Rucker, and Tolman see something absolute in a 
dimensional formula. 

In mechanics it has long been recognized that the 
minimum number of fundamental or primary dimen- 
sions in terms of which all mechanical quantities can 
be expressed is three. In physics and in much of 
engineering these three fundamental dimensions are 
usually chosen to be length (L), mass (M), and time 
(T), which comprise the dynamical or physical dimen- 
sion system. All mechanical quantities can, of course, 
be stated in terms of (L), (M), and (T). 

Another dimension system which is widely used in 
the engineering literature is the gravitational or tech- 
nical system. The fundamental dimensions in this 
system are force (F’), length (L), and time (T). This 
technical dimension system has some advantages in 
the engineering field because of the prevalence of force 
and oi eh quantities, such as stress and pressure, in 
engineering calculations. William Ostwald proposed 
in 1891 the use of an energetical dimension system in 
which length (L), time (T), and energy (E) are taken 
as fundamental. This system also simplifies the dimen- 
sional forms of many of the important mechanical 
quantities and is of special appeal to many scientists 
because of the universally fundamental nature of 


—. 
he astrophysical dimension system has as its 
fundamental dimensions, length (L), mass (M), and 
the gravitational constant (k). One objection to this 
system is that it advances a proportionality constant 
to the role of a fundamental dimension. This is, in 
general, inadvisable because of the usual temptation 
to drop the dimensions of the proportionality constant 
entirely with resulting confusion. 

In the early history of electromagnetism, electrical 
phenomena were considered to be entirely mechanical 
in nature. The consequent suppression of the dimen- 
sions of the proportionality constants « and p» has 
caused endless confusion and contradictions in the 
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study of electromagnetism and has made the checking 
of the gee i homogeneity of equations almost 
impossible. At present, the necessity of choosing a 
fourth fundamental dimension, such as charge or 
resistance, is being recognized by most physicists. 

The minimum number of fundamental dimensions 
required to express thermodynamic quantities is four 
as was stated first by Fourier in 1822. Nevertheless, 
numerous papers on thermodynamics appeared much 
later in which only three fundamental dimensions were 
utilized. The following quotation from a paper written 
in 1915 by E. Buckingham will serve to illustrate both 
the general and the specific thermodynamical criteria 
used in determining fundamental dimensions: 

““What do we mean when we say that a given kind 
of physical magnitude can be derived from certain other 
kinds which we call fundamental? We mean simply 
that experience has shown that if we use, or combine, 
certain particular magnitudes of the fundamental kinds 
in a prescribed way, we thereby determine a magnitude 
of the derived kind, the size of this resulting derived 
magnitude being dependent only on the sizes of the 
particular fundamental magnitudes with which we 
started, when once the method of using them has been 
specified ... Now there is no known (theoretical) 
process by which, having available only standards of 
mass, length, and time, we can fix and reproduce any 
temperature.” Thus the mechanical system is extended 
to thermodynamics by adding a thermal dimension, 
which has universally been chosen as temperature. 

Although dimensional analysis has its greatest 
utility in deriving relations between measurable physi- 
cal quantities, it also finds application in changing 
units. There are two types of unit changes possible. 
In the first type, merely the magnitude of the funda- 
mental unit is changed. Lodge, in 1888, showed how 
the theory of dimensions could be of aid in this unit 
change. His idea can be summarized in the following 
rule: 

The dimensional formula for the physical quantity 
being considered is written down, with the dimensional 
symbols treated as the name of concrete things. Each 
symbol is then replaced by its equivalent in terms of 
the new unit of measure which is to replace it. 

This rule can be clarified by means of a concrete 
example. Suppose a velocity of 100 feet per second is 
to be expressed in miles per hour. This can be done as 
follows: 


| |; 1/5280 miles 
Gp = 1007. Tee ee 
3600 mile , 
= 100 x = 68.163 mile/hour. 


Although this example may appear trivial, this 
method is nevertheless very useful in more complicated 
problems. 

The second type of unit change involves a change 
in the type of fundamental unit used and not merely 
a change in the magnitude of the unit. This type of 
change is not always possible and in any case is con- 
siderably more complicated. 

It has been shown that all terms in a physical 
equation must have the same resultant dimensions if 
dimensional analysis is to be applicable. It can also 
be shown that every secondary quantity which satisfies 
the requirement of absolute significance of relative 
magnitudes must be expressible as some constant 


(Continued on page 110) 
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from the editor's notebook 


‘The present generation now, not even in their teens, will act differently. They will find 
it easy to study, read books, listen, and look at the television set simultaneously.” We might 
think this is a difficult order, but it really is not. We found this quaint little item in the 
December issue of Radio-Electronics under the heading ‘“‘Multiperception.” Perhaps we can 
get some of this miraculous coming generation to do the studying for all of the finals simul- 
taneously — a feat regrettably rare at present. 

Now that the above gem of knowledge is off the editorial chest we will explain our new 
format. To allow more room for articles, and incidentally improve the “punch” of the start 
of the magazine, the biographies of authors — in a more informal and concise form — are 
now included together with the editorial on this page. The hope is, as is normal, to make the 
editorial and biographies more informal and interesting. Amen. 

“To everyone, the coming surplus of engineers means that steps must be taken to limit 
annual engineering graduates to a number that can be absorbed by industry without lowering 
the already low standards of pay for engineers.”” This intriguing quotation from the Coopera- 
tive Engineer editorial would seem to be evidence of a dangerous and unwarranted tendency 
toward a narrow trade-unionism in engineering. The editor then continues that curricula 
must be extended, academic standards raised, and professional status for engineers made 
mandatory in order to achieve his goal. 

Hasn’t experience shown that academic rating often is but a poor measure of a man’s 
actual future value? Originality is an essential asset often given too little weight on a grad- 
ing scale. By all means let every possible man get his engineering degree; let time sift out 
the incompetent ones. By the same token a man should be eligible for any position on his 
merits alone, without regard to possession of a degree. 

After all, the engineering degree would do no harm to its holder even if not put to actual 
use. Or would it? It is at this point that the counter-argument hits a snag. In the first 
place, just that much time of both student and instructor has been wasted. Perhaps more 
important are possible social consequences: One of the factors most widely aceepted as a 
cause of the rise of Fascism was-the presence of a surplus of men with “higher” learning in 
Europe. 

Perhaps, therefore, a weeding-out process might be desirable; but what kind of process? 


Who's Who 
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Having tried to solve the bad penny problem before, the editorial staff was able to appre- 
ciate to the hilt John Stevenson’s contribution; he even stuck his neck out and gave a general 
solution. John won some math awards at St. Paul’s school and then had ample opportunity 
to practice his gifts while an infantryman, waiting to resume his career at Tech. George Field, 
as one might expect, is a charter member of the new M. I. T. Astronomical Society, and a 
physics major in preparation for graduate work in astronomy. Max Weiss is a Research 
Associate at the Research Laboratory of Electronics over in Building 20. He graduated 
from C. C. N. Y. as an electrical engineer, but is now working for his doctoral degree in 
physics after years of doing research for the Navy on automatic mines. Hal Weber, our 
business manager, is well qualified for his subject by virtue of the three years he spent in 
various Milwaukee shops inspecting everything from automatic oil controls and aircraft 
controls to electric motors and industrial diesels. 
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alice in dimensionland 
(Continued from page 101) 


show how smart you are,” snapped Alice, “and tell 
me what on Earth you are talking about.” 

“Well,” the Walrus answered, “I am not certain 
about the first part of the quotation. It is vaguely 


connected with the Conservation of Energy Principle, 


but the second part stated flatly that Entropy must 
increase and this means that swollen Entropies just 
have to stay that way.” 

Alice showed signs of distress again, so the Walrus 
hastily reassured her. “You don’t have to feel sorry 
for those Entropies, they are merely coordinates and 
they have no feelings at all.” 

“*That’s much better,” Alice said in a brighter vein, 
“but just what are coordinates and why don’t they 
have feelings?” 

The Walrus was very evidently caught off guard 
and confessed in a low voice, “I am not at all certain, 
but it seems I faintly remember that a coordinate is 
used to measure something. Why to be sure! Of 
course! A coordinate is a dimension. Entropy is a 
dimension of Thermal Energy and dimensions can’t 
have any feelings, they just can’t.” 

Speaking with great assurance the Walrus con- 
tinued, “I once heard a Very Learned Professor lecture. 
He had so many degrees that several ponderous volumes 
were necessary to list them. In addition he was in- 
cluded in the membership list of every learned society 
ever known and several were created for his especial 
benefit. His ideas about Thermal Energy were sur- 
prising. He said Entropy is purely a mathematical 
concept and cannot be directly measured or appre- 
ciated. However, this is not at all surprising, since 
very few dimensions can be measured directly. No 
one except we two ever saw any Entropy, but so far 
as that goes no one ever saw an Ampere or a pound of 
mass. These things won’t hold still long enough to 
see and measure.” 

A bright thought struck the Walrus. “Who wants 
to measure things directly, anyway? [I'll let you in on 
a secret if you'll cross your heart. I’m going to invent 
a method of telling what size shoes a man wears by 
multiplying the length of his nose by the color of 
his hair.” 

“T won’t mention it to a soul,” Alice agreed. “But 
suppose the man is bald.” 

‘I never thought of that,”’ the Walrus had to admit. 
“It probably isn’t practical. But to get back to the 
learned lecturer.” 

“Oh, fiddlesticks, what do you think I care about 
our Professor?” Alice emphasized with a stamp of 
er foot. “What do you do with all the Entropies 

lying on the ground when it rains? I should think 
they’d catch their death of cold.” 

“No, no,” the Walrus reassured her. “‘As a matter 
of fact, we have to put them in a working fluid before 
we can use them and water is as good as any, so a 
little rain won’t hurt. There is the Carpenter right 
now, putting Entropies into some working fluid. See, 
he puts in an Entropy and then an Absolute Tempera- 
ture, and at once an increment of Thermal Energy is 
formed in accordance with the equation 


Tds = dq.” 


“You see,” the Walrus explained, “it is very difficult 
to carry Entropy and Absolute Temperature. Unless 
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you can put them in a working fluid, they slip right 
through your fingers and get lost. In some respects, 
they are like ideas. If you pick up an idea and don’t 
have an intellect handy, it will surely get lost. Some 
people try to keep ideas on paper, but it is a very poor 
substitute for the brain.” 

Alice digested this statement for some time before 
asking, “But does this new Nuclear Energy have 
Entropies also?” 

“Oh, yes, indeed,” the Walrus stated firmly, “that 
is, it has Entropy if it is in the form of Heat. In no 
wise does Nuclear Energy contravene the Second 
Law.” 

‘““What is that queer machine standing on the huge 
pile ‘of paper?” Alice was very curious. “It has so 
many big shiny wheels, and the Carpenter is pouring 
in the working fluid with all the poor little Entropies 
and the big Absolute Temperatures.” 

The Walrus cleared his throat and spoke very 
impressively. “This is the only Carnot Engine in exist- 
ence that actually works. Originally we put in a con- 
crete foundation, but it was quite unsatisfactory. We 
then heard that the Carnot Cycle works only on paper. 
Since the paper foundation was installed, it has a 
perfectly, and we are very proud of it. Notice how the 
Carpenter feeds T and ds into the source of the Engine 
while To and the same Entropy passes smoothly to the 
Refrigerator. The available Energy or work done by 
the Engine, expressed in thermal units, is the Entropy 
multiplied by the Temperature Drop, thus 


Adw = ds (T — Tp) 
or if you prefer the more familiar form, just substitute 
value 4 = ds in the above equation, and you get 


T — 1% 


Adw = dq r 





Now, since the Carpenter supplied the engine with 
the Thermal Energy Tds, the Unavailable Energy 
passing to the Refrigerator is, according to the First 
Law, Tods. You can see for yourself, in accordance 
with the Second Law, the Entropy is not changed at 
all by passing through the Carnot Engine.” 

“I hope no one ever breaks the Second Law and 
hurts the little Entropies,” murmured Alice. “But 
why do you put Unavailable Energy in the Refrig- 
erator? Is it likely to spoil?” 

“Oh, no! It won’t spoil,” the Walrus reassured her. 
‘We put it there because the Refrigerator is convenient, 
and besides, it is a good source of the 7) we need. 
When we get our postwar low temperature model 
with a ih smaller To, we will be able to get more 
work from one Entropy.” 

“It isn’t fair to make one Entropy do all that extra 
work.” Alice was very indignant. “Why don’t you 
give it some help?” 

The Walrus smiled indulgently. “The smaller 7 
helps the Entropy do more work, and it never gets 
tired anyway. Don’t you recall, dimensions don’t 
have feelings, ‘and Entropy is a dimension of Heat 
or Thermal Energy?” 

“Oh, yes! I remember,” Alice yawned. “Ho, Hum! 
I don’t mean to be rude, but I am so tired I could just 
curl right up and go to sleep.” And she did just that. 

“Hamm!” the Walrus murmured perplexedly. “It’s 


funny how a little Thermo puts people to a but, 
come to think of it, I’m a bit drowsy myself. I'll 
curl up here with the Entropies and take a nap.” 
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th 
wl Problem: To hold down costs, and speed the ex- 
ce tension of telephone service. 
at 

Solution: High-strength wire whose use allows the 
id span between poles to be increased 
e from 150 feet to more than 300. One 
; _ pole now does the work of two. 
; The problem, of course, is a continuing one for 
i telephone people. High-strength wire with re- 


* quired electrical qualities is only one of many 

4 things they have developed to help solve the 

\ problem in these days of high construction 
costs. 

In total, their developments are the reason 

why telephone service here is the best in the 

world—the reason why it remains low in cost. 
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When you're looking for a 
single source of supply for 
a complete line of electrical 
roughing-in materials, 
National Electric 
is your best bet. 
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(Continued from page 105) 


multiplied by powers of the primary quantities. The 
dimensions of any secondary mechanical quantity can 
therefore be written as: Q = L*MT*. With these 
statements as a basis, it is possible to formulate a 
general theory with regard to the forms of the relations 
which must hold between physical quantities. 

The formulation of the general theory would be 
considerably clarified and illuminated by first consider- 
ing the solution of a simple problem using dimensional 
methods. Let it be required to find the period of revo- 
lution of a planet of mass m about a sun of mass S. It 
is supposed that the period depends on the following 
quantities: 


Name of Quantity Symbol Dimensional Formula 


Mass of planet m M 
Mass of sun S M 
Distance of separation r L 
Gravitational constant k M1 L3 T? 
Time of revolution t T 


It is now required to find the form of the functional 
relation: 


t=f(m, S,r, k). 


As has been previously shown, the function is express- 
ible in the form of products of powers of the variables. 


That is (where the symbol 2 Q; merely means 
i=1 
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Qi +Q2+ Q+ Qt... + Qn), 


N 
t= > Aim Srk. 

i=l 
By the principle of dimensional homogeneity it is also 
known that the dimensions of every one of the product 
terms of the right-hand side must be the same as the 
dimensions of t. Therefore, the dimensions of a typical 
product term, m“ S* r’ k* , which has the dimensions 
M« M? LY (M"'L*?T~)? , must equal (T). Writing down 
the conditions on the exponents of (M), the following 
equation is obtained: 


utx—z=0 
Similarly for (L), y+ 3z=0, 
and for (T), —2z = 1. 
Therefore, z = — 1/2, y = 3/2,u = —1/2 — x. 


Since there are only three equations with four unknowns 
it is evident that two of the unknowns, u and x, cannot 
be uniquely determined. From the relation between 
u and x, however, m and S must enter in the equation 


for the period in the following form: - (3) : 


Hence, the period of revolution can be written as 


- 2 4 aa et 8 m\* 
ee (5) “gaa,” (5) 
| m 
ort = 73 (5): 


m\* . : ‘ 
A; ( is merely an arbitrary function 
1 








oe) 


2 


since the 


Wes: 


S 


of (5) 


Thus with the aid of dimensional analysis, it has been 
possible to obtain a good deal of information regarding 
the relationship between the period of revolution of a 
planet and various other parameters. 

However, before this dimensional method can be 
applied generally for the derivation of other physical 
equations, it is necessary to answer certain questions 
which may naturally arise in the reader’s mind. For 
instance, one may ask whether it is always possible to 
predict the applicability of this method in a particular 
problem. Furthermore, the optimum number and 
type of fundamental dimensions to be used in any 
problem must be discussed, and the question of dimen- 
sional constants must be dealt with. Finally, in begin- 
ning a dimensional analysis of a problem it is necessary 
to determine the parameters upon which the desired 
quantity depends. Is there any criterion for choosing 
these parameters? For example, why were the chemi- 
cal compositions of the sun and the planet neglected 
in the previous problem? 

First we must state the 7 theorem, which is funda- 
mental to the whole of dimensional analysis: Any 
complete physical function, F'(Q;, Q2, . . . - , Qn) =9, 
involving n quantities (Q;, Q2,....,Qwy), all of which 
can be expressed in terms of k primary dimensions, can 
be written in the form wy (m, m2,..... » ™n-k) = 9, 
where the z’s are the dimensionless products of the vari- 
ables Q,, Qo, ...-, Qn. Since ¥(m, m2, ....,7n-z) = 9, 
then any particular 7, when multiplied by a certain 
function of the other x must be a constant. 


(Continued on page 114) 
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Because photography can see 
a billion light years away 


® Without photography this would 
be a small world. For even with 
the best optical instruments, the 
eyes range scarcely breaks the 
confines of the earth’s back yard. 


But with photography ...? That's 
different! 


For years, astronomers have looked 
500 million light years into space with 
photographic plates exposed in the 
100-inch Mount Wilson telescope. 


Now, they can “see” twice as far. 
For the big 200-inch Mount Palomar 
instrument — actually the world’s larg- 
est camera—will bring in light from 
stars a billion light years away, about 
six sextillion miles. 


It’s faint light that the eye could 
never see. But photographic plates 


Opening night at Mount Palomar. The 
giant telescope dwarfs the assembled guests. 


build up images through long expo- 
sures and make visible new outer re- 
cesses of man’s expanding universe. 

Thus, science continuously makes 
spectacular use of photography in 
penetrating the unknown. 

So too can industry. Radiography, 
photomicrography, x-ray diffraction, 


microradiography and other indus- 
trial functions of photography can re- 
veal facts and conditions that will 
help make a product more durable 
and dependable, a manufacturing 
process more efficient. 


Eastman Kodak Company 
Rochester 4, New York 


Advancing business and industrial technics—Functional Photography 
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Laboratory perfection 


in large-scale production of CAUSTIC SODA 


The manufacture of numerous products requires 
Caustic Soda of utmost “purity”—that is with 
its metallic content, such as copper or iron, 
rigidly controlled. In the production of high- 
strength textiles, for example, the presence of as 
much as one ounce of these impurities in 40 tons 


of caustic may result in an inferior product! 


Caustic Soda readily picks up such metals, how- 


ever. To prevent contamination is relatively 


COLUMBIA 


CHICAGO BOSTON 
NEW YORK CINCINNATI 











CHARLOTTE 


MINNEAPOLIS 
lp. PAINT * GLASS * CHEMICALS * BRUSHES + PLASTICS 


See ee 3 COMPANY 


simple in the laboratory—but production on the 
vast scale required to meet huge industrial needs 
necessitates ingenious methods and infinite care 


in processing and handling. 


The achievements in meeting exacting industrial 
standards—including the patented purification 
process for producing high grade diaphragm elec- 
trolytic Caustic Soda—are characteristic of 


Columbia operations. 


CHEMICALS 


ST. LOUIS PITTSBURGH 
CLEVELAND PHILADELPHIA 
SAN FRANCISCO 
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Mow felevision “stands watch” af sea 


Picture the advantage—in military oper- 
ations—when commanding officers can 
watch planes, troops, ships maneuver at 
long range... 

This new use of television was seen by 
millions when the aircraft carrier Leyte—as 
Task Force TV—maneuvered at sea before 
a “battery” of 4 RCA Image Orthicon tele- 
vision cameras. 

Seventy planes — Bearcats, Avengers, 
Corsairs—roared from Leyte’s flight deck 
and catapult ...dived low in mock attack 
... fired rockets. And an escorting de- 
stroyer stood by for possible rescues. 

Action was beamed by radio to shore, 
then relayed over NBC’s Eastern television 
network. Reception was sharp and clear on 
home television receivers . . . 


JANUARY, 1949 





Said high officials: “The strategic impor- 
tance of television in naval, military, or 
air operations was dramatically revealed” 
. .. There is no doubt that television will 
serve in the fields of intelligence and 
combat.” 

Use of television as a means of military 
communications is only one way in which 
radio and electronic research by RCA Lab- 
oratories serves the nation. All facilities of 
RCA and NBC are available for develop- 
ment and application of science to national 


security ...in peace as well as war. 
e & e 


When in Radio City, New York, be sure to 
see the radio, television and electronic won- 
ders at RCA Exhibition Hall, 36 West 49th 
Street. Free admission. Radio Corporation of 
America, RCA Building, Radio City, N. Y.20. 
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Making television history, first coverage of air-sea maneuvers demonstrates 
value of research by RCA Laboratories to our armed forces. 


Continue your education 
with pay—at RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremast manu- 
facturers of radio and electronic products 
—offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 


@ Development and design of radio re- 
ceivers (including broadcast, short wave 
and FM circuits, television, and phono- 
graph combinations). 


e Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

® Design of component parts such as 
coils, loudspeakers, capacitors. 

@ Development and design of new re- 
cording and producing methods. 

® Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to National Recruiting Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 





RADIO CORPORATION of AMERICA 
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® Grinding has a part in producing the alarm 






clock that wakes you in the morning — and 
it plays a part in producing almost everything 
that you use throughout the whole day. 








® Your morning newspaper is made of ground 






wood pulp — your breakfast cereal was pro- 






duced by steel rolls ground smooth and true. 






® The furniture in your lecture and class rooms 






is cut and shaped with ground tools and 






finished with coated abrasives. 






® Grinding has much to do with making the 






apparatus in your laboratories. 







@ The office machinery that keeps the volu- 






minous college records is a product of grinding. 






® Grinding has an important part in producing 






the sporting equipment used by your college 






teams and for your personal recreation. 









®@ Thousands of grinding operations play a 





vital part in producing your automobile. 






®@ The midnight “oil” that you burn as you 
sweat out that lab report is generated and 
distributed by equipment produced to an 








important extent by grinding. 







And wherever grinding is done 
you'll find NORTON 







. « . for Norton is the world’s largest producer 
of abrasives, grinding wheels and grinding 
machines. At Norton there is the engineering 
skill to solve all of industry's grinding problems. 













NORTON COMPANY, WORCESTER 6, MASS. 


Behr-Manning, Troy, N. Y., is a Norton Division 














ABRASIVES — GRINDING WHEELS GRINDING AND LAPPING MACHINES 
REFRACTORIES — POROUS MEDIUMS NON-SLIP FLOORS — NORBIDE PRODUCTS 
LABELING MACHINES (BEHR-MANNING DIVISION: COATED ABRASIVES AND SHARPENING STONES) 
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The meaning of the z theorem 
and its usefulness will be made 
clearer by considering some exam- 
ples rather than by making a 
detailed abstract development of 
the theorem. As an example, in the 
introductory problem on planetary 
motion the Q’s were: Q; = ¢; 
Q=m; @=S; @=r; Q=k. 
Since this is a mechanical problem, 
the number of fundamental dimen- 
sions required is three. The num- 
ber of dimensionless z’s (that is, 
dimensionless products of the vari- 
ables) is equal to five minus three, 
or two. One of these is evident 
upon inspection and is $) . Now, 
of the remaining quantities, ¢ is of 
especial interest in this problem. 
This t must be combined with three 
other quantities to obtain a dimen- 
sionless product. Let r, k, and S 
be chosen for these three quantities. 
The second dimensionless product 
will therefore be of the form 





t S*r>k*. Dimensionally this is 
T Me L> (M" L? T~):. 
Therefore, 6+ 3c = 0: 
—2c+1=0; 
a-—c= 0. 
4 ft 
Thus m2=t 2 = ‘ and 
r 





Therefore, the equation for ¢ can be 
written as 


OnE i= 
‘= sre “(5)- 


This agrees with the answer obtained 
in the introductory problem. 

Some of the advantages of the 
use of the 7 theorem are evident 
even from this simple example. It 
is seen that the theorem systema- 
tizes the use of dimensional analysis 
so that it can be used with little 
effort. Furthermore, the theorem 
shows that the result of the analysis 
may be exhibited in a variety of 
forms, since the parameters which 
enter into the dimensionless prod- 
ucts frequently may be chosen with 
a great deal of flexibility. 

Now that the a theorem and 
its method of application have been 
clarified, some of the questions 
raised in the introductory problem 


(Continued on page 116) 
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Blind man’s buff is an expensive game 
to play with alloy steels. It is safer to 
go directly to the steel that will give the 
best performance at the lowest cost per 
finished part. 

Molybdenum steels have shown time and 
again that they will provide consistently 
good properties at surprisingly low cost. 
Even their impact strength is consistent 
because they are not temper brittle. 

Send for our comprehensive 400-page 
book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 


Climax Molybdenum Company 


500 Fifth Avenue - New York City 
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can be answered. Thus, by analyzing a problem by 
means of the z theorem, the amount of information 
which dimensional analysis will supply regarding the 
relationship of the parameters entering into the problem 
becomes immediately apparent. For instance, if the 


problem is such that there are four variables and three: 


primary dimensions the theorem shows that there is 
only one dimensionless product which must equal some 
constant. Therefore, the problem is entirely solved 
except for the value of this numerical constant. If, how- 
ever, there are five variables and three primary dimen- 
sions, two dimensionless products will result. The prob- 
lem will therefore be solved only to within an arbitrary 
function of one of these dimensionless products, as in 
the case of the last example. On the other hand, if there 
are an equal number of variables and fundamental 
dimensions, a mistake has been made, and at least one 
more variable must enter the result. 

Another important question which must now be 
answered is how one is to choose the list of physical 
quantities and dimensional constants among which a 
relation is to be obtained. In order to answer this 
question one must realize that dimensional analysis is 
not a magic formula with which an Australian bushman 
can solve difficult problems. Dimensional analysis and 
the usual differential equation method can be consid- 
ered as merely alternate methods of solving a problem. 
The background required for both methods is not too 
different. The former merely requires less mathemati- 
cal ability and is simpler. 

In electrodynamic problems involving the Maxwell 


partners in creating 





K & E drafting instruments, equipment and materials 
have been partners of leading engineers for 8] years 
in shaping the modern world. So extensively are these 
products used by successful men, it is self-evident that 
K & E has played a part in the completion of nearly 
every American engineering project of any magnitude. 





KEUFFEL & ESSER CO. 
EST. 1867 
NEW YORK ¢ HOBOKEN, N. J. 
Chicago * St. Louis * Detroit 
San Francisco * Los Angeles * Montreal 











field equations, the dimensional constant, c, which is 
the velocity of light, enters. Therefore c must be 
included as one of the parameters, as should k in 
gravitational problems. 

Dimensional analysis has had very extensive 
application in the engineering sciences, particularly 
in fluid mechanics and aerodynamics. It is especially 
useful in reducing the number of variables to be con- 
sidered by showing that several variables can be con- 
sidered as one dimensionless product. In addition it 
furnishes a method for determining the conditions under 
which small scale experiments with models give valid 
representations of the full scale phenomena, as is 
explained in most fluid mechanics texts. As Professor 
Hunsaker has said, “It is no longer necessary to wait 
fifty years for the analytic solution of a problem if a 
controlled experiment can be arranged to satisfy the 
conditions of similitude.” 

Except for its obvious use in checking equations, 
dimensional analysis has, in the past, been comparatively 
neglected by electrical engineers. Its great utility in 
providing design criteria, especially for electric motors, 
has begun to be a only in recent years. 

In the field of electronics, dimensional analysis has 
also only recently been utilized for design purposes. With 
the advent of ultra-high-frequencies, it was found that 
the theoretical study of vacuum tube operation at 
these frequencies is extremely difficult. G. J. Lehmann 
and A. R. Vallarino of the Federal Telephone and 
Radio Laboratories showed that dimensional analysis 
coupled with experimental work is a powerful tool in 
this field. 

Let a relationship be obtained between oscillator 
efficiency and the various tube parameters. The 
variables are outlined below: 


Dimensional 
Parameter Symbol Formula 

Efficiency none 
Voltage Y MOWT 
Ratio of elec- 

tronic charge 

to mass e/m QM 
Current dens- 
ity /dielectric 
constant A MC'LT 
Frequency f ae 
Cathode-to- 
plate distance d L 


In this problem e/m is chosen 
as a parameter, rather than e and 
m individually, merely as a simpli- 
fication, since it is known from 
experience that e/m always appears 
as a unit in vacuum-tube space 
charge problems. Similar reason- 
ing led to the choice of A as a pa- 
rameter. It may be noted that, in 
the most general case, this problem 
involves many more variables than 
those listed in the above table. 
However, experience has shown 
that the parameters listed will give 
considerable information of engi- 
neering importance up to the micro- 
wave frequency range. 

The six parameters in this prob- 
lem involve three primary dimen- 
sions, MQ", L, and T (since M 
and Q always appear as MQ" in 

(Continued on page 118) 
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Why surfaces now last longer 


SMALL BOY’Ss BIKE or great ocean liner ... there are finishes 
for each so improved today that a one or two coat job holds 
up longer than did dozens before. 

Heat and cold, acids and gases, water or salt air just don’t 
crack and peel today’s surface coatings as they once did. For 
our homes and cars, our great bridges, our machinery for 
farms and industry are now protected as never before. 

Better materials—aided by research—bring us this better 
protection. New plastics and chemicals, for example, that go 
into quick-drying varnishes, lacquers, paints that keep a 
like-new finish. 

Industrial gases help us, too. In flame-cleaning structural 
steel, the oxy-acetylene flame provides a clean, dry and 
warm surface into which paint “bites” instantly and dries 
quickly. 

There’s also stainless steel, the lustrous metal that needs 
no surface protection ... that withstands wear and corrosion 


on equipment used outdoors or in... and keeps gleamingly 
clean year after year. 

The people of Union Carbide produce many materials 
essential to today’s superior surfaces and surface coatings. 
They also produce hundreds of other materials for the use 
of science and industry, to help maintain American leader- 
ship in meeting the needs of mankind. 


FREE: You are invited to send for the new illus- 
trated booklet, “‘ Products and Processes,”’ which 
shows how science and industry use UCC’s 
Alloys, Chemicals, Carbons, Gases and Plastics. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET f[I]q@ NEW YORK 17, N, Y. 


Products of Divisions and Units include 
LINDE OxYGEN ¢ PReEsT-O-LITE ACETYLENE * PYROFAX GAS ¢ BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS 


NATIONAL CARBONS ¢ EVEREADY FLASHLIGHTS AND BATTERIES °* 


ACHESON ELECTRODES 


PRESTONE AND TREK ANTI-FREEZES * ELECTROMET ALLOYS AND METALS * HAYNES STELLITE ALLOYS « SYNTHETIC ORGANIC CHEMICALS 
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EASY TO READ MARKINGS THAT ARE DURABLE 
Lufkin Chrome-Clad ‘Super Hi-Way’’, ‘‘Pioneer" 
and ‘‘Michigan” are New and Better Chain Tapes. Vs 
Chrome plating over rust resistant base and j 
multiple coats of electroplating gives a hard, 
smooth, dull, chrome-white surface. Wear 
and corrosion resistant. Jet black figures 

are easy to locate and read. Write for 
illustrated leaflet giving complete details. 


OF KI. 









PRECISION TOOLS 
Saginaw, Michigan 


TAPES - RULES 
The Lufkin Rule Co. 








no formulas necessary 
(Continued from page 116) 
this problem); according to the 7 theorem there must 


therefore be three dimensionless 7’s. One of these is 
evidently 7 = 7. 
Let 7. = e/m V7 &’ ff? = (QM") (MQ'L’T?)* X 
(L)Y (T") 
Therefore, 1 —x = 0, orx 
2ax+y =0 y= 
—2x—z= 0, sx 


=] 
a2 
we 


ee 
and = 1m Pp 
Similarly, let 73; = A(e/m)* V" d 
(M"Q)* (MQ°L’T™)» (L)° . 
Therefore: 1—x +y = 0 
1+2y+z=0 
—3-—2y =0 
y= —3/2,2£ = —1/2,2 = + 2, 
aeadee 


a 


= (MQ'L T-*) x 


II 


and 


and 


Therefore: » = f (©/m V_  Avm/e *) : 


af?’ pr 


It is now proposed to compare tubes of the same 
type, all operating at the same efficiency. In order for 
the efficiency to remain constant, the dimensionless 
parameters inside the functional sign must also remain 
constant. Noting that e/m is always constant, the 
following equations must hold: 

: Ad’ 
FF = ky and yr = ko. 
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Solving for V from the first of these equations and 
substituting this value into the second, we obtain 


Vek ep 4 


am 


$ 


It has thus been established that, for a given type 
of cathode, the distance between electrodes is governed 
by the 1/f* law. This relation leads rapidly to imprac- 
tically small dimensions for the tube, and shows why 
a given type of electronic structure can only be used 
within narrow frequency limits. From this relation it 
is also evident that much can be gained by increasing 
A, the space charge density. 

A similar analysis gives the following relation be- 
tween useful power and frequency: W = k;A*/f'. 

This equation gives the reason for the sharp drop 
in powers obtainable with increase of frequency. Again, 
the great advantage in increasing A is evident. It may 
be noted that all of the above relations were obtained 
assuming that if d is reduced by a given ratio, all other 
tube dimensions are reduced by the same ratio. In 
actual practice, of course, it is not necessary to reduce 
all dimensions in the same ratio, and the power will not 
decrease as fast as indicated by the above equations. 

Dimensional analysis has played a significant part 
in theoretical physics in the past and will probably play 
an even more important role in the future. One of the 
first to utilize dimensional reasoning in theoretical 
investigations was Lord Rayleigh. Ina paper published 
in 1871, he showed that the amount of light scattered 
from small suspended particles will vary inversely as 
the fourth power of its wavelength — which relation 
explains the blue color of the sky. In 1911] Einstein 
developed by dimensional considerations a relation 
between elastic behavior and infra-red characteristic 
frequencies later used by Debye in his analysis of spe- 
cific heat phenomena in a solid. 

Another very interesting illustration of this type 
of method is given by Bridgman in his classic work on 
dimensional analysis. He examines the possibility of 
explaining the mechanical behavior of substances on 
the basis of a particular form of the law of force between 
atoms; he assumes that this law of force can be written 
in the form 


and 


Therefore, 


f = Ar? + Br. 


A is to be intrinsically negative and represents an 
attractive force, and B is positive and represents a 
force of repulsion which becomes very intense on close 
approach of atoms. The coefficients A and B vary for 
different substances, and the exponent n is to be dimen- 
sionless. With these basic assumptions, which are 
merely intelligent guesses, dimensional analysis enables 
Bridgman to obtain a general form of Van der Waal’s 
equation as well as several other interesting relations 
between certain physical properties of a substance and 
the pressure, temperature, gas constant, A, B, and n. 
None of these would be accepted by physicists without 
further analytic and experimental confirmation. The 
results are sufficiently suggestive, however, to encourage 
a search for further proof by the orthodox methods. 
It is in this suggestive role that dimensional analysis 
will probably prove of great value to the theoretical 
physicist. This is the crux of the matter: that dimen- 
sional analysis can be of considerable assistance in all 
branches of physical science; but that the utilization 
of this valuable tool to the best advantage can be 
effected only by the man who is well grounded in its 
fundamentals. 
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Products of the laboratory 
are saving time, toil, money 
for the American farmer 


Through chemistry, farmers are gain- 
ing control over many of nature’s un- 
certainties. Costly losses of crops and 
livestock are being curtailed or pre- 
vented. Efficiency is increasing. New 
applications of chemistry to agricul- 
ture are becoming more important 
than ever as demands for more pro- 
duction increase. 


Today, new organic insecticides 
and fungicides help control insects, 
plant diseases and blightsthat threat- 
en crops. Seed disinfectants and pro- 
tectants help guarantee bountiful 
harvests by protecting crops in the 
critical period after planting. Plant 
hormones hold fruit on trees until 
fully ready for picking. 


Days of labor saved 


Du Pont weed killers and explosives 
accomplish in minutes tasks that 
used to take hours or days of back- 
breaking labor. With 2,4-D farmers 
can kill weeds without harming cer- 
tain crops. Dynamite removes 
stumps, digs ditches for draining and 
irrigation, and loosens the soil to 
forestall erosion. 


New fertilizer formulations meet 
the changing nutritional require- 
ments of plants during the growing 
season. Thus the farmer has better 
control over crop development, and 
he can utilize his materials, labor and 
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Du Pont agricultural specialist Dr. Arne Carl- 
son, M.S.,’40, Ph.D., U. of Minnesota, ’48, 
helps develop sprays and dusts to control 
fungous diseases. 






Phenothiazine kills more kinds of livestock 
worms in more kinds of animals than any 
other drug . . . promotes normal growth. 





For growth insurance, farmers treat seeds with 
disinfectants. ‘‘Ceresan”’ treated wheat gives up 
to 20% better yields. 





Spraying orchards controls infestations of in- 
sects or plant diseases . . . or holds fruit on 
the trees until it is fully ready for picking! 






equipment more efficiently. 


Feed compounds, developed by 
industry, are making poultry flocks 
and livestock herds vastly more pro- 
ductive. Research on chemicals to 
control animal diseases and internal 
parasites is making great progress. 
Control of insect pests is already 
changing livestock management 
practices. 


Turning ideas into products 


Achievements such as these are the 
result of Du Pont’s team research. 
An idea may start with one or two 
individuals. But many specialists— 
chemists, physicists, biologists, plant 
pathologists, and entomologists — 
must contribute their skills before a 
new product is ready for market. 
Normally, engineers—chemical, me- 
chanical, civil, and electrical — de- 
velop the commercial processes and 
plants for making the finished prod- 
ucts. 


The new Du Pont employee, 
whether he holds a bachelor’s, mas- 
ter’s, or doctor’s degree, enters into 
this cooperative effort. Yet the im- 
mediate group with which he is asso- 
ciated is small and congenial, offering 
him every opportunity to display 
individual talent and capabilities. 


( 


Find out more about Du Pont 
and the College Graduate 


“The Du Pont Company and 
the College Graduate’”’ is just off 
the press in a completely revised 
edition. Fully illustrated, it de- 
scribes opportunities in research, 
production, sales, and many 
other fields. Explains the plan 
of organization whereby indi- 
vidual ability is recognized and 
rewarded. Write for your copy 
today. Address: 2518 Nemours 
Building, Wilmington 98, Del. 


GU PONT 


REG. U.S. PAT. OFF. 





BETTER THINGS FOR BETTER LIVING 
.. + THROUGH CHEMISTRY 





More facts about Du Pont — Listen to “Cavalcade 
of America” Monday Nights, NBC Coast to Coast 
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backstage scene 
from a new 






Playing a prominent supporting role in a new, exciting 
drama of the skies is the 2114-ton welded steel struc- 
ture illustrated at the left. On it was mounted the 
200-inch mirror for the giant Mt. Palomar telescope during 
the delicate grinding and polishing operations. Now it is the 
mirror’s permanent base in the world’s greatest eye. Associa- 
tion with this pioneer scientific project is a typical example of 
B&W’s versatility and resourcefulness for serving industry's 
unusual as well as ordinary needs. Through its great diversity 
of activity, B&W offers excellent career opportunities in re- 
search, engineering, production, sales and other vocations to 
technical graduates. 


BABCOCK a WILCOX 


THE BABCOCK & WILCOX CO. 
85 Liberty Street, New York 6, N. Y. 































can you do it? 


Racking Balls 


A mathematician is playing a special game of 
rotation pool. The balls are numbered from one to 
fifteen, and after each ball is pocketed it is placed in 
a correspondingly numbered cubicle in a rack hanging 
on the wall. The rules of the game stipulate that the 
row of balls in the rack must never have an interior 


gap. (Thus, if the eight ball is pocketed the next one 





must be either the seven or the nine, etc.) The first 





Provides eight distinct services: 
Air conditioning operating rooms 
Cooling drinking water 
Making crystal-clear ice 
Keeping penicillin and serums 
Holding mortuary boxes 
Quick-freezing foods in bulk 
Storing frozen foods at zero 
Storing fresh foods at correct 

temperatures, 

i If your Hospital needs any of these 

, “Exterior and Air’ saituetatian services, let us make 

(Solution on page 124) Oe recommendations. 


Rooms of Waynesboro 
FricK::Co. 


(Penana.) Hospital,, 
WAYNESBORO PENNA 


ball to be pocketed may be any of the fifteen. 


Being a mathematician, the player is anxious to 
learn the number of different orders in which he can 
clean the table of all fifteen balls, subject to the restric- 


tions given. Can you help him out? 








Quick-freezer Has 880 
_ Cu. Ft. 
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Chain Reaction’ 


THE PATTERN ee 
F 0 “ T F A M W 0 4 A AT a & 3 The Versatile Soybean—raw material for 


many chemical industries — one of many 
4 subjects under continuous study at P & G. 
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0 oils... and engineers 























follow through to 
produce them 





Chemists conduct microscopic Chemical Engineers carry on hy- 
@ studies on glycerides . . . to develop e drogenation experiments to improve 
new edible oils. processing procedures. 





This is just one example 
of P & G Technical Teamwork in ac- 
tion; similar developments in other 
fields call for additional men with 
technical training. That’s why P&G 
representatives periodically visit the 
country’s top technical schools to in- 
terview students. If you would like to 
talk to a Procter & Gamble representa- 
tive, ask your faculty adviser or place- 
ment bureau to arrange a meeting. 





Mechanical Engineers design full- Other Engineers plan and super- 
e scale factory equipment, using scale . @ vise production operations. 
models like this edible oil freezer. 


PROCTER & GAMBLE 


CINCINNATI 1, OHIO 
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New Forces?... 


Recently a controversy has been 
raging among physical chemists over 
the validity of a research ‘development 
which tends to demonstrate action-at-a- 
distance forces between large protein 
molecules. 

Injection of a foreign protein, known 
as an antigen, into an organism gives 
rise to substances, known as antibodies, 
which react specifically ‘with the for- 
eign substance. Using monomolecular 
films of prepared antigens, Dr. Alexandre 
Rothen, of the Rockefeller Institute for 
Medical Research, has measured the 
degree of inter-action between antigens 
and antibodies by the depth of a deposit 
on the screen when treated with a solu- 
tion containing the antibody. 

The surprising part of his research, 
however, was demonstration of the fact 
that inert “‘screens” of substances such 
as barium stearate, octadecylamine, or 
a polyvinyl chloride plastic, commen- 
surate in depth with the antigen film, 
placed over the film did not prevent the 
deposit of the antibody, although its 
depth decreased regularly with increased 
depth of the screen. 

Since such action cannot easily be 
accounted for by forces now understood 
by physical chemists, a new long-range 
force may become necessary to explain 
the situation. Although Rothen’s data 
has been confirmed by other investigators, 
there remains the possibility that various 
flaws in the inert blanket allow the anti- 
gen and antibody molecules to come into 
direct contact —holes or peaks and 
valleys — although work has been done 
toward disproving these hypotheses. 

The antigen-antibody experiments 
have shown that the amount of antibody 
deposited depends upon the thickness 
of the blanket and not to any great extent 
upon its composition, although a metal 
coating, such as gold, over the antigen 
layer will stop the action when quite 
thin comparatively. 

The orientation of the protein mole- 
cules in the antigen layer under the 
blanket and the number of layers (each 
one molecule thick) are also seen to 
determine the amount of antibody de- 
posited; and give further insight to the 
mechanism of the action between these 
large protein molecules. 


Radioactivity Unit 
Redefined ... 


With radioactive isotopes now an 
article of commerce, it has become neces- 
sary to standardize the units of radio- 
activity measurement. The familiar 









unit of radioactive disintegration, the 
curie, was defined originally as_ the 
amount of radon in equilibrium with one 
gram of pure radium and later extended 
to include any decay product of radium. 
Although this unit was recommended for 
use only in the radium family, it has been 
used outside those limits. 

The rate of decomposition of one gram 
of radium has never been measured with 
accuracy greater than three per cent, but 
the National Bureau of Standards has 
arbitrarily set this quantity as 3.7 x 10" 
disintegrations per second. In many 
cases it is convenient to use a smaller 
unit which is independent of natural 
constants. Consequently, the Bureau 
of Standards has recently designated as 
the rutherford (rd.) that amount of radio- 
isotope which decomposes at the rate of 
one million disintegrations per second. 
On this scale, many radiotherapeutic 
doses will be around 100 rd., and tracer 
samples may be of the order of one rd. 


Earth Time Inaccurate. .. 


The rotation of the earth on its axis 
has been considered the prime standard 
for the measurement of time, but some 
doubts have now been raised as to its 
accuracy. Time studies made at the 
United States Naval Observatory have 
shown that the rotation of the earth may 
vary more than a second in four years. 
A statement issued by the superintend- 
ent at the observatory indicates that 
“‘Judged by the longitude of Mercury. . . 
the rate of rotation in 1929 was about 
one part in 20 million faster than it had 
been in 1909. Since 1929, the earth has 
appeared to slow down again, but only 
slightly.” 


Road Melts Snow... 


A snow-melting highway has been 
opened for the first time on a public road, 
recently, on a 450-foot stretch of danger- 
ous road near Klamath Falls, Oregon. 

A ten-inch well, 390 feet deep, provides 
a natural source of heat from water 
which remains at about 190 degrees 
Fahrenheit. A pump sends water and 
antifreeze through a coil in this “natural 
boiler,” heating the mixture to 160 
degrees. In the pavement are imbedded 
15,000 feet of three-quarter-inch wrought 
iron pipe made up into a grid for each of 
15 30-foot road panels, which are sepa- 
rately connected toa two-inch main from 
the heating coil. 

In this system the eight-inch slab of 
concrete is warmed to snow melting 
temperature. The pump is thermostati- 
cally controlled. 
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Reverberatory Furnace Operations 


GERITY-MICHIGAN CORPORATION 


Demonstrate High Temperature CA. Firing Technique 


REVERBERATORY FURNACES designed to in- 
crease the production of zinc base die casting alloys 
have expanded melting and alloying capacity almost 
50% over conventional pot melting. At Gerity- 
Michigan Corporation, Detroit, these Gas-fired 
furnaces operate on practically continuous schedules 
with savings of 35% to 40% based on time-saving 
methods and more efficient fuel utilization. 

This application demonstrates the flexibility of 
GAS for industrial heating processes in high tem- 
perature ranges. But it also emphasizes the role of 
GAS in the development of production-line equip- 
ment for non-ferrous metals. 

R. L. Wilcox, metallurgical engineer and Vice 
President of Gerity-Michigan Corporation describes 


420 LEXINGTON AVENUE 


AMERICAN GA 





Biss 


the furnace and its application—‘This 18-ton 
Gas-fired reverberatory furnace has the advan- 
tage of extended service life, more efficient fuel 
utilization, closer temperature control, simplified 
alloy analysis.” 

Regardless of the type of heating operation or 
heat-treating process, GAS is the ideal fuel for 
any temperature requirement, or any production- 
line application. The characteristics of GAS— 
speed, flexibility, economy, controllability—are 
useful features for every industrial heating need. 
In view of rapid developments it’s always worth- 
while to keep your eye on what's new in Modern 
Gas Equipment. 





Gas-fired reverberatory furnace de- 
signed and constructed especially for 
melting and alloying zinc base die 
casting alloys at Detroit Die Casting 
Division. 


“ASSOCIATION 


NEW YORK 17, N.Y. 

















PROBLEM—You're designing a radio broadcast trans- 
mitter. The circuit includes condensers and other variable 
elements which must be adjusted by the operator. You want 
to place these elements for optimum circuit efficiency and 
where they will be easy to assembly, wire, and service. At 
the same time, you want to centralize the control knobs at a 
point convenient to the operator. How would you do it? 


THE SIMPLE ANSWER 
Use S.S.White remote control type flexible shafts to couple 
the variable elements to their control knobs. This leaves you 
free to place both the elements and the knobs anywhere you 
want them. And you get control 
that is as smooth and sensitive 
as a direct connection because 
$.$.White remote control flexible 
shafts are engineered expressly 
for this kind of service. 


* * * 


This is just one of hundreds 
of remote control and power 
drive problems to which 
S.S.White flexible shafts pro- 
vide a simple answer. That's 
why every engineer should be 
familiar with the range and 
scope of these ‘Metal 
Muscles''* for mechanical 
bodies. 





*Trademark ae. U. S. Pat. Off. 
se 


and elsewhere ‘ Here's how one big 


radio manufacturer did it, 


WRITE FOR BULLETIN 4501 


me. 
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It gives essential facts and engineer- 
ing data about flexible shafts and 
their application. A copy Is yours for 
the asking. Write today. 


cy neem. 


THE S. S. WHITE DENTAL MFG. CO. VISION 
DEPT. C, 10 EAST 40th ST.. NEW VORK 16, N.Y. om 
PLERIDLE SHAFTS + PLERIDLE SWAST TOOLS + AlecBarT ACCESSORIES 
SMALL CUTTING AND CaINBING TOOLS 
MOLDED GENSTORS © MLASHC SPECIALTIES « 


One of Americas AAAA Industrial Enterprises 





SPECIAL FORMULA AUBEtRS 
CONTRACT PLASTICS MOLDING 
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CONDUCTORS 





Concentric conductor has ample 
flexibility for ordinary wiring 












Rope-stranded conductor gives ex- 
treme flexibility to portable cables 


Segmental conductor reduces skin * LR 


effect, increases current rating 


W gover walls of insulation are a potential source of 
cable failure. Perfect centering of the conductor, however, 
is automatically provided by Okonite’s Strip Insulating 
Process in which continuous rubber strips of uniform thick- 
ness ate folded about conductor. Only by this method can 
insulation wall be gauged, inspected before application. 

Uniform walls of insulation are assured when you specify 
Okonite wires and cables. The Okonite Company, Passaic, 
New Jersey. 


OKONITES 


insulated wires and cables 


6812 





solution to can you do it 


For every unique order in which the balls are 
pocketed, there is one corresponding reverse order in 
which the balls may be removed from the rack and 
placed back on the table. Since there is a one to one 
correspondence between all the orders of pocketing and 
all the reverse orders of removal from the rack, we will 
have our answer if we can determine all of the possible 
ways in which the balls may be put back in place from 
the rack. 

Since the row of balls in the rack must never have 
an interior gap, our first choice is either one of the two 
end balls, one and fifteen; and, after one of these is 
removed, we are once again faced with a decision 
between the two new end balls. For the first fourteen 
balls, we always have two choices; and, for the last 
ball, there is only one possibility. This comes to a 
total of 2!4 possible orders, from the stipulations of 


the problem. 
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How fo help a press 
keep punching 


In a punch press, one of the engineering prob- 
lems is to keep the flywheel and drive shaft in 
alignment and rotating freely in spite of terrific 
shock loads. 


















To solve this problem, engineers specify Timken® 
apered roller bearings. 


Timken bearings hold the drive shaft and fly- 
wheel of a punch press rigidly in line. There’s no 
deflection, wobble, or end-play. Friction and wear 
are negligible. 





shafts in alignment 


The line contact between rolls and races in a 
Timken bearing means wider, more rigid support 
for the shaft. Due to their tapered construction, 
Timken bearings carry radial and thrust loads in 
any combination, eliminating deflection and end- 
movement. And since wear in Timken bearings is 
esse negligible, shaft rigidity is retained for long years 
in of service. 


| 

, Why TIMKEN” bearings hold 
| 
| 
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Want to learn more 






will 
4 
bl TIMKEN about bearings? 
om 
TRADE-MARK REG. U. &. PAT. OFF. Some of the important engineering problems 
: you'll face after graduation will involve bearing ap- 
ve svg TAP ERED plications. If you’d like to learn more about this 
wo oy — phase of engineering, we’d be glad to help. For 
is : ae ROLLER BEARINGS additional information about Timken bearings and 
how engineers use them, write today to The Timken 
ae Roller Bearing Company, Canton 6, Ohio. And don’t 
en | forget to clip this page for future reference. 


+ | NOT JUST A BALL © NOT JUST A ROLLER o> THE TIMKEN TAPERED ROLLER o> 
BEARING TAKES RADIAL @ AND THRUST ~@ LOADS OR ANY COMBINATION —< 
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General Electric is not one business, but an organi f. 





of many businesses, offering opportunities in cil 





FOR A FUTURE IN ADVERTISING 

D. S. Mix (Yale), Manager of Personnel and\Trainj ag 
Programs, Advertising and Publicity Dept.: Besides our J 
A & P Department here in Schenectady, there are eight G-E | 
operating departments, each with its own advertising staff. ~ 
These provide the career-opportunities. Our Training ~ 
Program, including six months’ work and study here ~ 
followed by a year on rotating assignments with various | 
staffs throughout the company, opens the door. 


PHYSICIST 
August Binder (Carnegie Tech), of the G-E Physics Pro- 
gram: I’ve been one of the first group of physicists taking 
part in this program. We’ve changed assignments every few 
months, trying out interesting lines of work, and have 
chosen permanent positions in everything from research to 
sales. My assignments: nuclear instrumentation, research in 
cathode spot phenomena, quality-problems in fluorescent 
lamps, which I’ve selected as my permanent assignment. 


GENERAL (9) ELECTRIC 


TRAVELING AUDITOR 

E. B. Murray (Princeton), Chief Traveling Auditor: After 
our business administration and liberal arts graduates 
finish the G-E Business Training Course, certain of them 
are transferred to the auditing staff as traveling auditors. 
It’s my job to assign these men and co-ordinate their activi- 
ties at G-E locations in this country and abroad. The varied 
experience acquired in this work fits them well for re- 
sponsible accounting and financial positions. 
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